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SUMMARY L
The Naval Air Development Center (NAVAIRDEVCEN) is supporting the
Naval Air Systems Command (NAVAIR) (AIR-5301) in the development of
computer aided tactical performance plots for inclusion in Navy and
* Marine Helo Tactical Manuals. As part of this effort, computer programs
- .-have-been developed which are capable of analyzing the flight performance
v of typical helicopter configurations. Areas of flight performance
include specific excess power, sustained and instantaneous turm rate,
and maneuver capability. .- ™ An - — '”“/‘/wi A ,71’-'-//34"4«4::/'
pooa s £3 A P VLA e ST ~ \/
These programs were written in FORTRAN and use threeCCupporting
subroutines. This report describes the analytical development and logic
development for the programs. In addition, it includes a user description
and complete listing.
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INTRODUCTION

In support of the tactical manual effort sponsored by the Naval
Air Systems Command (AIR-5301), a methodology for predicting selected
helicopter performance capability was developed by the Naval Air
- Development Center (6051). Performance items considered include
specific excess power, sustained and instantaneous turn rate, and
maneuver capability.

The programs discussed in this report utilize power required and
power available tabular input along with other geometric and physical

scalar input (e.g., rotor disk area and tip speed) to compute perform-

ance by means of the appropriate equation of motion. The output may be
directly presented in numerical form; if desired, tactical manual plots
can be created by the use of available plotting software.
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DISCUSSION

THEORETICAL DEVELOPMENT

The computer programs described in this report provide a rapid,
flexible and accurate means to generate tabular and graphical data
expressing several important parameters which measure helicopter per-
formance capability. The programs accept a common input format by which
any conventional helicopter can be fully described through scalar
namelist parameters and tabular data of power available and nondimen-
sional power required. The programs exist as four separate routines
which calculate performance data as follows:

Program #1: PSHELO specific excess power as a function of

load factor, calibrated airspeed and
altitude

Program #2: SUSTURN - maximum sustained turn rate as a function
of calibrated airspeed and altitude

Program #3: INSTURN - maximum instantaneous turn rate as a
function of calibrated airspeed and
altitude

Program #4: MANEUV - specific excess power, load factor and
turn radius as a function of ambient
condition, calibrated airspeed and
altitude

A derivation and description of the equations used in each of the

four routines follows.
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SPECIFIC EXCESS POWER

Specific excess power (Ps) is intended as a measurement criterion
for comparing relative performance capability throughout the speed-
altitude envelope for any two helicopters. It is specificall} a measure
of the power available for maneuvering over and above that used to main-
tain level flight and can be expressed as shown in equation (1).

supplied by engine required
s Gross Weight (ft/min) 1)

In relating the quantity Ps to performance, the specific energy is first
derived from the total energy at a point in velocity-altitude space,
equation (2).

2 2
GW V IR
E = GWh + %8 +T (2)

The specific energy or energy height is then:

2 2
h sE ap+i 18

e GW 2g = 26w (3

Specific excess power is the time rate of change of specific energy,
which yields equation (4).

]
»
ols
.'.
09 | <
&S
+
8|5

4)

2

where

E = total energy

h = altitude
he = gpecific energy or emergy height
t = time

V = true airspeed

g = acceleration of gravity

I = rotor inertia

Q = rotor rotational speed
GW = helicopter gross weight

. N BN
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The above equations reveal that a given P, increment may contribute to a

rate of climb ( ), level flight acceleration ( an increase in

dv
dt) 4

rotor speed ( ) or a change in the direction of the flight path.

GW dt
The units of Ps are distance/time, which for helicopter applications is

best suited by feet/minute.

The process of computing and plotting Ps as a function of airspeed
and altitude for each helicopter was based on determining power available,
subtracting from it the power required at a given airspeed and altitude,
and dividing by gross weight, as expressed by equation (5).

.875 x (AHP) x Ny X 33000

Pg = ] ()

where
.875 = empirical climb factor
AHP = power available minus power required
My ™ mechanical efficiency = 0.9
33000 = 33000 foot-1lbs/minute/horsepower conversion factor
GW = helicopter gross weight

Ps yields accurate values for the rate of climb for speeds above

approximately 60 knots; however, for speeds below 60 knmots, the actual
rate of climb is somewhat greater than the computed PS value., This is

not reflected in the equation because of the use of a constant as

opposed to a variable empirical climb factor.

Fi

-
-

e
-

3% = A

The computational process is carried out using nondimemsional
forms of power required and power available. Nondimensional power
required, or power coefficient (CP) is found as a function of thrust
coefficient (CT1 and advance ratio (u) for most existing helicopters.
Thrust coefficient and advance ratio are defined by the following two

expressions:

ey
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. 1.689
TIP
where
n = load factor (g)
A = rotor disk area (ftz)
Vpgp = Totor tip speed (ft/second)
Vp, = true airspeed (knots)
(also, CT is defined as CT when n = 1,0g)

o

Engine power available at IRP is given as a function of outside air
temperature (OAT) and altitude. Power is nondimensionalized using
equation (7)

- SHP x 552 1N
A Vorp

Cp "%

-~

where SHP can be either power required or power available. Ps, based on

the nondimensional coefficients CP <y cP and CT 1s then found
from equation (8). Req Avail o )

.875 x (C - C ) x 60 x xV
Povail Preq "M X VP 47.25 x AC, x Voo
Ps = c - S (®)

TO TO

To further explain the procedure by which PS is calculated, we
begin by determining the power available for a given flight condition
(airspeed, altitude). Shaft horsepower available can be input as a
function of altitude and ambient temperature, expreassed by equation (9).

SHP = f(hoT), )

or as a function of ambient temperature and altitude:

13
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or the percent torque available may be supplied, where shaft horsepower
is the percent torque times shaft horsepower at 100Z torque. If the
powver available data supplies percent torque, a factor for horsepower

per percent of torque (PORTRAN name TORFAC) and a maximum torque limit
(FORTRAN name XMSN) if other than 100Z must be input. The relationship
of TORFAC and XMSN is such that TORFAC times XMSN yields the transmission
limit in shaft horsepower. If the transmission limit is known, this may

be input (FORTRAN name PLIMIT).

A velocity correction in the power available due to ram effects may

be applied. The correction can be linear:

SHP = SHP x C1 x VT av)

or exponential,
(C3 x VT)

SHP = SHP x C, x e (12)
where Cl’ C2 and C3 are input constants (FORTRAN names DELHP, TMAN,
TCHAR). The resulting shaft horsepower available is converted to
coefficient form incorporating the effect of altitude through the factor

p, air density, in equation (13).

_ SHP x 550 a”n

P 3
avail A vTIP

The next major step is to determine the power required. This is
found in coefficient form as a function of either advance ratio and

Cp

thrust coefficient:

Cp = £(, Cp) 14)
req

RANEES

L e S o
DO
e

'& or as a function of thrust coefficient and advance ratio:

req
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If CP = £f(u, CT)’ then an input switch (FORTRAN name MUCTSW) is set

req

equal to 1, and if CP - f(CT, u), the switch is set equal to O.

req
Recalling that Ps is presented as a function of airspeed and altitude,

at this point it is noted that advance ratio is a function of speed,
and CT is a function of density p which incorporates the effect of
altitude. Hence, we can represent this dependence as follows:

= f(VT)
Cp= £(u,Cp) » P = £(CpuCp) » Pg = £(V,h) - (16)

CT = f(h)

arriving at the final result of specific excess power as a function
of airspeed and altitude-which is ultimately plotted.

An incremental drag correction can be made to the power required
coefficient using an incremental equivalent flat plate area in the
last term in equation (17).

AF x u3
£ Qan

.C = C +
Preq Preq 2xAXx nu x nP

Acceptat{le values for mechanical efficiency, My (FORTRAN name ETAM)

and propulsive efficiency, s (FORTRAN name ETAP) are 0.9 and 0.8,
respectively. Incremental flat plate area (FORTRAN name DELFE) is used
to adjust helicopter drag for variations in weapons loadings.

Specific excess power performance plots can be generated for
' various load factors. This is done by inputting the desired load
factor, n (FORTRAN name GFAC) which is then used in the calculation

of the thrust coefficient, CT'

15
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SUSTAINED TURN RATE

The equation used to compute turn rate is based on the point mass
equation, and is a function of load factor, airspeed, and flight path
angle, as expressed in equation (18).

- g’éz - COBZY

v V cos v (18)
where
¥ = turn rate (radians/second)
n = load factor (g)
y = flight path angle (radians)
V = true airspeed (feet/second)
Using the small angle assumption that y = 0, the following classical
relationship results in equation (19).
¥ ..Elé-vz_l 9)
Computations require that $ be in units of degrees/second, and V in
knots. With appropriate conversion factors inserted, the turn rate
equation becomes that shown in equation (20).
‘2 45
¢ =327 x¥o -1 (180, _ 49 4388 x SR L (20)
VT 1.689 n VT

where vT = true airspeed in knots.

To arrive at maximum sustained turr rate at any point within the
flight envelope, power required is set equal to power available:

C -
Preq Cp

Having Cp and the advance ratio ¥ for a given airspeed, the thrust
req
coefficient CT is read from the input helicopter performance data, as

avail

expressed by equation (20).
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Cp = £(Cp, W) (20)
The sustained load factor is the thrust divided by the weight, equation
(21).

2
C,rx prxV,HP

GwW

n= (21)

Finally, the sustained turn rate for a given airspeed and altitude using
the sustained load factor is found from the turn rate equation (20).

MAXIMUM INSTANTANEOUS TURN RATE

Maximm instantaneous turn rate is derived from the maximum amount _
of thrust which the rotor system can attain on a transient or nonsustained .
basis. Maximum thrust (or rotor limit) for a given helicopter can be
expressed by the quantity in equation (22).

2 Cop :
= = £() (22)

where
C = maximum thrust coefficient

= rotor solidity = :—;

= number of blades
= blade chord

= rotor radius

bx

(]
WOU'QE

This quantity is approximate since blade stall is gradual, and its
occurrence is affected by the direction of turn as well as airspeed. The
(FORTRAN name CTMAX) to be input, where

. program INSTURN requires C.r
. max

CT is either known explicitly or can be solved for from the expression
max

2 chax 2 CT

————=, Either CT or ow are known or estimated for most existing

g
helicopters. max
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L4 -

Having CT and using the following relation in equation (23),
max 2
P AVerp CT

n= = nax (23)

the maximum instantaneous load factor is computed at any point in the
flight envelope. The final step yields the turn rate as a function of
true airspeed and load factor (which incorporates the effect of altitude
using p) using the turn rate equation (20) derived in the section on
sustained turn rate.

As airspeed approaches zero, turn rate values become unrealistically
large. It becomes necessary to specify a maximum turn rate attainable
at zero airspeed in degrees per second (FORTRAN name TRV@), either due
.Y to control limitations, a handling qualities limit determined in test-
ﬁj ‘ ing, some value based on vehicle similarities or other reasonable assump-
) tions. A second value required to define the maximum instantaneous turn
rate versus airspeed curve is the break velocity (FORTRAN name VB). The
: break velocity, usually between 50 and 80 knots, is the lowest airspeed
j} for which the instantaneous turn rate is calculated. Below the break
£ velocity, an internal curve-fitting routine blends the calculated turn
rate curve from the break velocity to the maximum instantaneous turn
rate value (TRVP) at zero airspeed.

MANEUVER CAPABILITY

Two previous programs computed specific excess power (Ps) at
selected load factors and maximum sustained turn rate over the heli-
copter's entire airspeed-altitude envelope. By introducing the param-
eters Ps and turn rate into one graph at one ambient condition (fixed
altitude and temperature), the resultant capability for a specified
airspeed and selected turn radius can be shown. The maneuver capability
graph is plotted against calibrated airspeed in knots and turn rate in

degrees per second.

18
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Lines of constant radius for 500, 1000, 1500 and 2000 feet are
projected on the airspeed-turn rate graph according to the geometrical
relation, equation (24).

. v 24
w-i- ()
For R 1in feet, V,r in knots true'hirspeed and & in degrees per second,
the relation becomes that shown in equation (25).

. VT
¥ = 96.7726 x == (25)

and for calibrated airspeed in knots, VT is replaced by Vc/ »6: where ¢ d
is the density ratio at the selected ambient condition so that the final
expression equation (26) is

v

. C
¢ = 96.7726 x R—;ﬁ

(26)

Lines of constant load factor are plotted against airspeed and turn
rate, and also result from the geometrical relation of equation (20).

2 ‘2 .
V= 3-7-:l = 1091,4388 x V- {deg/sec) (20)
T v

Using calibrated airspeed, this becomes that shown in equation (27).

[/
vC

Superimposed over turn radius and load factor lines are the specific

& = 1091.4388 x (deg/sec) (27)

excess power curves of a particular helicopter. The construction of
these curves begins with expressing load factor as a function of turn

rate, as shown in equation (28).

(28)
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This defines a load factor for each value of turn rate and airspeed.
This load factor defines a thrust coefficient and the airspeed defines
an advance ratio which yield a power required coefficient read from the
helicopter performance data. Specific excess power 1s determined from
the power required and power available coefficients shown earlier in
equation (8).

An additional line generated by the Maneuver Capability program

is the rotor limit line, based on the CT value input for each
max
particular helicopter. The rotor limit line is parallel to the lines

of constant load factor.

The main program logic, which illustrates how the above equations
are implemented, is presented in Appendix C.

PROGRAM DESCRIPTION

In addition to the main programs, which perfom the computations on
the dynamic equations, there are three supporting subroutines, as
described below.

GREAD/TLOOK - This is a three degree-of-freedom interpolation
routine and has two modes of operation. In the first mode, table data
representing power required and available characteristics are input and
stored. Each table is assigned a predetermined reference number. In
the second mode, table data are interpolated and extrapolated by employing
the function SPLINR for use in the dynamic calculations. A more detailed
explanation of this routine can be found in reference (a).

SPLINR -~ This function is used to interpolate or extrapolate two-
dimensional data. The interpolation is calculated using a local curve

fit scheme described in reference (b). Linear extrapolations are made

using each end point slope of the local curve fit.
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ATMOS ~ This is an atmosphere table which returns properties of
density, pressure, temperature, and sound velocity for an input altitude
and atmosphere code (i.e., 1 = gtandard, 2 = hot day, 3 = tropical day).

The data required for the program consist of a series of single-
value fixed inputs and multiple-valued tabular inputs. The form of
the computer data deck necessary to make a rum is presented in Figure 1.

The tabular data include:

- Power availlable as a function of altitude and ambient
temperature (see Figure 2),
or:
- Percent torque available as a function of ambient temperature
and altitude (see Figure 3).

- Power required coefficient as a function of thrust coefficient
and advance ratio. This table is used in the specific excess
power and maneuver programs (see Figures 4 and 5).

- Thrust coefficient as a function of power required coefficient
and advance ratio. This table is used in the sustained turn
rate program (see Figure 6).

It should be noted that none of the above tabular inputs are required

for the instantaneous turn rate program.

The fixed inputs consist of helicopter size and mass data, ambient
conditions, efficiencies, and program switches which regulate the
options available to the user., Table I contains a scalar input variable
list.

21 ’
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FIGURE 1. Data Input Deck Structure
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Table Reference No. 10
SHP = f (h, T)

SHP
Power
Available

T (°C)

h (ft)

FIGURE 2. Power Available Tabular Input
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FIGURE 3. Torque Available Tabular Input
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Table Reference No. 10
Q=f° (T, h)
Q
Torque
Availablc
(%)
h (ft)
T (°C)
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Table Reference No. 9
C, = f (¢ u)

Cp
Power
Required
Coefficfeﬁt

FIGURE 4. Power Required Coefficient Tabular Input, MUCTSW = 0
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Table Reference No. 9

Cp
Power

Required
Coefficienw

FIGURE 5. Power Required Coefficient Tabular Input, MUCTSW # O
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Table Reference No. 11
cT = f (cps u)

Cr
Thrust
Coefficie

3

FIGURE 6. Thrust Coefficient Tabular Input
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. TABLE I. SCALAR INPUT VARIABLE LIST
Variable
Name. Description Units
ADISK Rotor Disk Area ft2
ALTP Maneuver Altitude ft
ALT1 Initial Matrix Altitude ft
CAS1 Initial Matrix Calibrated Airspeed knots
CTMAX Maximum Thrust Coefficient (used for
instantaneous y and maneuver) -
DELCAS Calibrated Airspeed Matrix Increment knots
DELFE Equivalent Flat Plate Area Increment 42
DELPH Linear Velocity Correction Power
Constant SHP
DELTALT Altitude Matrix Increment ft
DELTRT Turn Rate Matrix Increment deg/sec
ETAM Mechanical Efficiency -
ETAP Propulsive Efficiency -
GFAC Load Factor g's
IPRINT If # 0, diagnostics will be printed -
KATMOS If # 1, standard day atmospheric
properties; if = 2, hot day; if =3,
tropical day ) -
MUCTSW If =0, Cp = T (Cr, u) input; if # 0,
C.=f (u» cT) input -
NALT Nimber of Matrix Altitudes -
NCAS Number of Matrix Calibrated Airspeeds -
NPRINT If # 0, tabular input will be printed -
NTRNRT Number of Matrix Turn Rates deg/sec
PLIMIT Transmission Limit SHP
PSIMAX Maximum Sustained Turn Rate deg/sec
TCHAR Exponential Velocity Correction
Characteristic -
TMAN Exponential Velocity Correction Mantissa -
TOGW Helicopter Weight 1b.
TORFAC Torque Scale Factor; if = 0, power
available input ft-1b
TRVp Maximum Instantaneous Turn Rate deg/sgc
V8 When V As < VB, sustained ¥ altered to
satisfy PSIMAX@ Vpas = 0 knots
VTIP Rotor Tip Speed ft/sec
XMSN gLIMIT/TORFAC. used when torque is
nput -
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Default
Value

0.00
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0.0
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Appendix A consists of a series of example cases which show how
each helicopter performance program is implemented. Reference (c)
should be consulted for information concerning the generation of the
tactical manual plots presented in this appendix. Appendix B contains
listings of the main performance source decks.

S COMPUTATIONAL PROCEDURE

!i ) - Initially, default conditions are set (e.g., vy = Np = 1., (DELHP=0.),
then scalar and tabular input. previously described is loaded into the

programs. Scalar variables are input through the FORTRAN utility

NAMELIST and the tabular data is input through the subroutine TREAD. -

- Mihimal tabular input for each program was discussed in the previous
F section. The inputted scalar variables override the initial default
f{ values. After the input has been stored, the programs enter an altitude
:; DO LOOP at statement #50 which concludes at statement #100. At the
S beginning of this loop, altitude and temperature corrections are im-
!! plemented and the input data is adjusted accordingly. Nested in the

altitude loop is a velocity DO LOOP which begins at statement #60 and
f:f - concludes at statement #100 (statement #101 for the instantaneous turn

3 rate program). It is in this velocity loop that the helicopter Ps or

!! & is determined for each velocity-altitude matrix condition. After the
:ﬁ} two main loops have been executed, the programs load the output matrix
- on a file designated as TAPE6. This data is in TPLOT format and can be

directly plotted by utilizing the software described in reference (c).
Finally, the output matrix is loaded on a file designated as TAPES in a
format directly applicable to the tactical manual interface software.
The instantaneous turn rate program incorporates low speed turn rate
corrections to the output matrix before TAPE6 and TAPES files are
generated. The maneuver program is similar in context to the other

lx helicopter performance programs except that the main altitude DO LOOP

.-, is replaced by a turn rate input loop.
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APPENDIX A
EXAMPLE CASES
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Representative cases showing the numerical and graphical output of
the specific excess power, sustained and instantaneous turn rate and
maneuver programs are presented. An example input deck, which is
compatible with all four performance cases, is displayed in Table AI.
The table section of this sample input is graphically illustrated in
Figures A-1, A-2, and A-3. Each program contains three output file
units. The file unit designated as TAPE 10 contains a detailed input
listing together with the output diagnostics (if selected by the
IPRINT and NPRINT options). The file unit designated as TAPE 6 contains
tabulated output in a format directly usable to the graphics package
described in reference (c). The file unit designated as TAPE 8 contains
the tabulated matrix output which forms the basis of the tactical manual
plots. TAPE 8 data has to be transmuted by preprocessing software
before the graphics routines of reference (c) can be applied to create
the tactical manual plots. The nature of this intermediate software
will be discussed in a future publication. The remaining figures and
tables in this appendix present examples of some of these output files
for each performance program along with a sample tactical manual plot.
In addition to the above output, the specific excess power program
creates a file unit designated as TAPE 3 which contains the flight
envelope data displayed in the instantaneous turn rate tactical manual
plot. Finally, the capability to portray comparative plots between two
separate helicopters is available in the previously mentioned intermediate

software.

Reference (d) should be consulted for tactical manual applications

involving existing helicopter weapon systems.
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APPENDIX B
PROGRAM LISTINGS
Program Page No.

Specific Excess Power B-3

Sustained Turn Rate B-7

Instantaneous Turn Rate B-11

Maneuvering Capability B-15
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IF(EOF(5))10,11

END
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CPSHELO

;gggg?ﬂ PSHELO( INPUT .OUTPUT . TRPES=INPUT . TRPE10. TAPES . |

e
4 .48 1-4 .
L YL AN A

A

COMMON/PRINT/NPRINT
COMMON/IOUNITS/IP.IR.I0

P
""

" '-. 4340
LR SR

s gt nge §
St}
[N

<O
-~
[
am
(~F 4

SION CTR(100).PS6(100.100).XTAS(100) . XALT(100), 3
JLITITLE(71,XCAS(100)

NﬂﬂELl?T/ﬂ/ﬂCﬂS-NRLT-OELCﬂs OELTALT, lﬂTYPE-CPIRP-VT!P-UNV-
CAS1.ALT1 .CTVAL .KATHOSE .OFRC . TOON ,AISK . TORFAC .PLINIT
ETAN.E¥GF .GELFE .NPRINT . THAN . TCHAR .HUCTEN . XNGN , IPRINT .
gg%g:.ctnux.rnvo +VB.NTRNRT .0ELTRT .ARLTC.

DATA IP,.IR.10/10.65.10/

DATR TORFAC.PLINIT.THAN,TCHAR . MUCTEN/0.¢1.E8.0..1.,0/
DATA PSINAX/60./ . '

DATA ETAN.ETRAP,OELFE/1.,1++0./

DATA XMSN.IPRINT.DELHP/100.,0.0/

DATA THAN.TCHAR.NPRINT/0..1..0./ ?

REROD(5.0)

IF(EOF(5))10.9

10

CONT. ON PG 2
c-3 eal_of 10

""""" DT SR P Nty gt R . - C e . . N . .
------ AT BERES P PR VL VST VN T P S L PRI i anadeinch PRSP S V-3 -




.......................................

Az

READ(S.1)ITITLE

FORMRT(7R103 1

CALL TREAO(1.XD.YD,Z0

A3
RRITE(8.2)ITITLE

PRINT(10.0)
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NVTINT(UNVI

L=
CTA(L1=CTVAL
CT=CTR(L]

00 100 IALT=1.NALT

XALTCIALT)=FLOAT( IALT-1)=0ELTALT

CALL ATNOS(KATHMOS . XALT(IRLT), TENPR.PRESSR.RHO . EIOMA . VSND)

]

CT=0FACRTOGK/ {RHOSACISKaVT IPun2)

$ CTO=TOGW/(RHO*ADISKAVTIPY
XOATC=( TENPR-491 .881m6./9.

[ RESEEEBEESRNENASEEEERREEENEREauEE |

IF( TORFRAC.EQ.C0.)

PLINIT=XNENuTORFAC

CONT. ON PG 4

. - - . e e e e ams s e e s

R
-
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CALL TLOOK(10,XOATC . XALTC(IALT),.0.,TORK] |
PHNR=TORK=TORFAC
Fns4 '!
[caLL TL n,oox"t_'m .ix'aut IALT) . XORTC,.0..PRR] }
; ]
F
IF(PNR.GT.PLINIT)
PUR=PLINI
CPIRP=(PHRWGE0 . 3/ ( RHORADISKRYT IPun3 )
lC l--IIn--l-ll-----ln----l-----l--ﬂ
CONT. ON PO &
eo ¢ OF 10

.....................................
......................................
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00 100 ICRS=1.NCRS

XCAS( ICASI=FLOAT( ICAS-1 }nOELCAS
XTAS( I1CAS 3=XCAS( ICAS)/(G1GNAmx.5

IF(TNAN.EQ.0.)

[00 T6 338 >

[PHR1=PHR» THANSEXP( TCHARRXTAS( ICAS) ) +DELHPXTAS( ICAG)

PNR1=FPLINIT

CPIRP=(PHR1n660.)/(RHO=ADISKuVTIPru3)

V(ICAG)=XTRAS(ICAG)n1 .688/VTIP

CONT. ON PG 6

............................................
----------------
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DELCPR= .SnOELFEuV( ICAS )uuS/( ADIGKwE TRNSETAP )

.A..

CPREQ=CPREQ+DELCPR
PSS IALT . ICAS )=( CPIRP-CPREQ )=S0 .

Cilenhenias
PRI RIRL RS RN
D 2

........

e - - ~ . oo SRR Y I L e e e, Lo
P A L N SRR g SR TN A PR N A T AN I e N S R A T T A

NADC-82136-60

IF(NUCTSH .NE.0)

CALL TLOOK(S.V(ICAS).CT.0..CPREQ)

v “

<876=.90=VYTIP/CTO

ALT.ICAS).0FAC,V(ICAS),
ALT).CT.CPIRP.RHO.CPREQ

CONT. ON PO 7
c-8 o6 _0oF 10

--------
......
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FORMAT(SX.5(1H®1.9013.5) |

CUNT!NUE

C SEENsEssNRuSEEERENRESSNEREEERRERNERAREE
C THIS SECTION LOROS THE ARRAY IN THE :
LE__REQUIRED FORMART OF TRERD

DATA _IT/100/
NRITE(B.17)ITLITITLE

FORMAT(I6,.T11.7A10)

WRITE(S.18)0GFRC

FORNATL 4HOFAC.3H 1.TL1.F10.03 |

[NRITE(B.19INALT. (XALTCIALT) . IALT=1,NALT) ]

FORNAT(4HALT .T6.12.(T11,7F10.03) |

KNRITE(B.21 INCAG.(XCAS( ICRE) . ICAS=1.NCRS)

CONT. ON PO ©

LA PRI N . o o cmnh s comnit e sttt Meto o
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21 ¥ —
[FORMAT( 4HKTAS . T6,12,(T11,7F10.0)3 ]

< 00 200 IALT=1.NALT >

NRITE(B,23INCARS.(PSSCIRLT.ICARG) . ICA6=1 ,NCRS)

[FORNAT( 4HPEBE . T6,12,(T11,7F10.1))

\J

CONTINUE

NRITE(S8.25)

FORMAT (REOTu/80(1H 1)

T e e LT T DT P P P R e T T
c ACHB INPUT ON TAPES

CREEERENEERENNAERENRSNEEEEENEEREENEEEERENEARARENEREEEERERESREREERESEEERN

1C=NALT/9+1 .001
JE=0

aey.

D0 810 K=1.1C

CONT. ON PC 9
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...A A“l~‘-l yaTy ¢§1 v ‘l ‘l N
4ttt Lt
PieT S I N SIS
.
B

=W e
“ u e e
S P
Lwla Pary

" JO=JE+ ‘
) JE=MINO( JO+8 . NALT)
- —

< 00 810 I=1,NCRS )»

T

[(NRITE(B.E01ICXALT(J) . J=J0 . JE) ]

[Ebannf?eeéL/nLr ».9F13.0) |

NRITE(8,800)(XCRS(11.(PSS(J.1).J=J0.JE})

FORNAT(10013.5)

CONTINUE

|C uusnussunzssassssssepssusnunns |

T r;]
AR RGN

—rr v v - -
SRS ° - DMK I  CERVRRELA

“an,

REARD(5.0)

CONT. ON PG 10
c-11
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CSUSTURN

;gggg?ﬂ SUSTURN( INPUT .OUTPUT . TAPES=INPUT . TAPE10.TAPEG .

COMMON/PRINT/NPRINT

COMNON/IOUNITS/1IP.IR. 10

1002 . ITITLE(7),.XCRE(100)

DIHENSION CTA( 1003 .PSI0CT(200.2003 . XTAS(100) . XALT(100),

NRNELTST/0/NCRE .NALY ,0ELCRS .OELTALT

ETAN .ETAP .OELFE .NPRINT , THAN . TCHRR ,MUCTSH . XMEN »

IPRINT .OELHP .CTHAX . TRVG VB .NTRNRT .DELTRT .ALTO .

PEINAX

+ATYPE.CPIRP,VTIP.UNV,
CA61.ALT1.CTVAL .KRTMOS .OFAC . TOON .ROIEK . TORFAC .PLINIT,

DATA IP.IR.10/10.6.10/
DATA ETANETAP.DELFE/1.0o1.0.0./

OATR PEINRX/60./
REROD(6.0)

DATA XMEN.IPRINT.G.0ELHP/100.,0.32.1741,0/

DATA TORFAC.PLINIT.THAN.TCHAR.NUCTER/0..1.E6.0.,1..,0/

IFLEOF(51)10.9

CONT. ON PR 2
c-13

DIV DRy TN VO WP G SUNGP WPN WLV SN PO VOUT WU JON S G

Bationdt
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DRIt AL it M A I

NADC-82136-60

A2

[REAG(S.1)ITITLE ]

FORMAT(7A10) 3

0.YD.2Z0,FXYZ}

WRITE(B.23ITITLE

PRINT(10.0)

IFCIPRINT .NE.O)

NRITE(S.»)NCAS.NALT.CAS1 .OELCAS.ALT1 .OELTALT . IATYPE

CONT. ON PO 9

c-14
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NADC-82136-60

NV=INTCUNV]

L=l
CTA(L)=CTVAL
LCT=CTA(L}

50
< 00 100 IALT=1.NALT )

[ XALTCIALT 1=FLOAT( IALT~1 1=0ELTALT |

[CALL ATMOS(KATMOS XALTC IALT 3, TENPR .PREGSR.RHO .SIONA,VEND) |

- 4

XOATC=( TENPR-491 .69)%6./9. |

IC EREERENEEEEENAREREEEEERERERREEEY |

IF(TORFAC.EQ.C.)

PLINIT=XMSNaTORFRC

“ae.

CONT. ON PG 4
C-15 ee s ofF 12

''''' PP IS T WP WP WAL AP S ST FU2 U U UL UL SPAL P IV s U




...............

NADC-82136-60

LCALL TLOOK(20.XORATC.XALT(IRLT).0..TORK) |
[PHR=TORK=TORFAC |
[66T0 68 >

...........

F[i;ffij]L___
[CALL TLOOK(10.XALTCIALT) . XOATC.0. .PHR) |

CPIRP=(PHRE550.)/(RHORADISKuVTIPun3)

|C RSN ERENRRSEREERERENRRRSESnE |

CONT. ON PO &
c-16
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NADC-82136-60

00 100 ICAS=1,.NCRS

o [XCRS(1CAB1=FLOAT(ICAB-1 1WDELCAG+CAS! ]

IF(XCARS(ICAS) .EQ.0.]

XCAS(ICRG)=1 .E-6

XTAG( ICAS)I=XCAS! ICAS)/(SI0NA ) en.5

vao

CONT. ON PO &
c-17 ce S _oF 12
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..............................................
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)

PNR1=PLINIT

E]re

CPIRP=(PWR1uE850.)/(RHO=AOISKEVTIPung)

»f
VUICRS )=XTAG( ICAS )nl .689/VTIP |
CPR=.5uDELFERV( I 7
OELCP R SeDELFERVC CAS)an3/(ADIGKRETANRETAP )
[CRLL TLOOK(11.CPREQ.V(ICAS).0..CT) |

CONT. ON PO 7
C-18 Cos _OF 12




aat P i g, S e il TR A TR R TR T . X AR RN AN
A R A A R R P A A R Sl

-

NADC-82136-60

., «

Ky
4y

OFAC=CT=RHO®ROISKuVTIPun2/TOGH

L P

OcUZ AL K
g

L
.

]

IF(GFRC.LT.0.)

T

v

[ KSIaN=1

IF(OFRC.LT.0.)

T

| OFRC=-0FAC |

IF(OFRC.0E.1.)

T

60 _T0 40

o
L
]

[XXXX21 +(1./((1 .~GFRCun2)un.5~1.)) |

CONT. ON PO O

....................
................................................ . . . .o - C e T
h V. LI Tt NPl P I P L S UL W WP UL PSP S UL EP e Y B ST e AP WP S e
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[PSI0OT(IALT.ICAS 1=(GuXXXX/( XTAS( ICAS )n1 .689))u67.29578 ]

Ps

"_ns'! B

PEIOOTCIALT . ICAB1=(On(OFACE2-1 Jwn .5/ XTAGL ICAG)1 .889))5567.29678

v

FIPSIDOTC(IALT.ICAS) .GE.PSINAX)

T

PE100T( 1ALT . ICAS )=PSINAX

F
IF(KGION.EG-1) D

T

S
21

—

oy

v

PSIDOT(IALT,.ICAS)=-PSIOOT(IALT . ICRS)




NADC-82136-60

[ CONTINUE

IF(IPRINT .NE.O)

[PRINT(10.31)PSIDOT(IALT,ICABG) . OFAC.V( ICAS] .
XCAS{ ICRE ) XALT( IALT1,CT .CPIRP .RHO

FORMAT(6X.,65(1H=).8013.5)

— § .3 - - - B,

& C SNREREEEENERSENNEEEREEREEEEREENEEREERNN
C THIS SECTION LOHOS THE ARRAY IN THE
C__REQUIRED FORNAT OF TRERD

ORTA 17/100/ »
HRITE 6.,17)ITLITITLE

ORNAT(15,.T11.,7R10)

HWRITE(S.18)0FRC

CONT. ON PO 10 ‘
c-21 e s 0ofF 12

..................................




........

NADC-82136-60

. |

FORMAT( 4HGFAC . 3H

1.,T11.F10.0)

NRITE(B.19INALT . (XALT(IALT) . IALT=1,NALT) |

[FORNATC(4NALT ,T6.12,(T11,7F10.0)) ]

NRITE(8.21 INCAS, (XCAS( ICRS) . ICAS=1 ,NCRS } |

FORMAT( 4HKTAE,16,12.(T11,7F10.0))

DC_200 TALT=1.NALT

HR1TE(6.25)

CONT. ON PO 11
c-22

............................

R L
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[FORMAT(=EOTw/80CLH 1) |

[ it LU LU DD DD DT TR R P PP DT T TR DT T
ACH8 INPUT ON TRPES

CEBRERRIEEEENNNEEEREERE RN RN EREENSEERNEREEEERNNS A ENREE SRR

IC=NALT/S+1.001

JE=0

<.B¢c !10?!?—'1 oIC D

JO=JE~1
JE=MINOG(JO+8.NALT) |
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[WRITE(B.800)C(XCAS(1}.(PSIDOT(J.1),J=J0.JEI) |
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CINSTURN

;gggg?n INSTURN( INPUT .OUTPUT . TRPES=INPUT . TRPE10 . TRPEG.,

COMMON/PRINT/NPEINT
COMMON/IOUNITE/IPL.IR.ID

| DINENSTON CTH(iOOl.PSIUﬂT(lOﬂ 100).XTAS( 1001 . XALT( 1003,
ITITLE(7]) .ARRAY(20) .XCAE(100)

NAMEL I6T/0/NCRS .NALT ,DELCRS .DELTALY . [ATYPE.CPIRP.VTIP.UNV.
CR61.ALTL .CTVAL .KATMOS .OFRC . TOOK ,AOLEK . TORFRC .PLINIT,
ETAN.ETAP ,OELFE .NPRINT , THAN . TCHRR . HUCTEN . XMEN .
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DATA IP.IR.ID/10.5.1

OATA TORFHC.PL!HIT.THHN.TCHHR.HUCTSH/O-.1-EB.O-.I--0/
OATA ETAN.ETAP,DELFE/1.+1..0./

DRTA XMEN.IPRINT.G/100..0.32.1741/

BATR PEINMAX/60./

RERO(E.0)

IF(ECF(561)10.9

ql 11

CONT. ON PO 2
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LL TRERO(1.XD.Y0.20.FXYZ}

A3

I NRITE(B.2)ITITLE

AD(S,1)ITITLE i}
FORNAT( 710}
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NV=INT(UNV]
L=t

CTALL )=CTVAL
CT=CTR(L)
ARRAY( 1 )=4
ARRAY(2)=~1. 2
ARRAY(31=0.

[ ARRAY(8)=ARRAY(7)=TRVO 3

00 100 IARLT=1.NALT

LORTC(IARLT-1)wDELTALT

XALT(IALT)
KATNOS=S.

CALL ATNOS(KATNOS.XALTIIALT) . TENPR.PRESSR.RNO

OFAC=CTHAX=RHOBACI SXaVT I Pun2/TOGH

D0 101 ICR&=1.NCAS

XCR6( ICAS))=FLOAT( ICAS-1 )=DELCRS+CABL
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IF(XCASCICRG) .EQ.0.)

XCAG( ICRG)=1 .E~6

XTAS( ICRE 1=XCAS( ICRS)/(SIONA)wm .S
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DATA _11/100/ 3
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FORNAT(I5.T11.7R10)
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NRITE(6.21 INCRS.( XCRE( ICRS) . ICAE=1 «NCAS)

Sae,




AR RN ST

L1 e - W W W T N TN N e e T e
n —— .~ At I o - T 0 e it ] DAt e N e Al el o A Tl gt Sk Yl AL AR A AR R A
2 Wil W RACERAP L9 2.0 N SPUL IO AR S DA NN ML S W

......................

NADC-82136-60

FORMAT( 4HXTRE.T6.12.(T11.7F10.0))

00_200 IALT=1.NALT
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[J0=2JE+1
JE=MINGC JO+8.NALT)

B0 810 l:l +NCRS

IF(1.EQ.1)

NRITE(8.8011(XALT(J) . J=JO,.JE)

FORMAT(=VEL/ALT w.9F13.0) ] ’

(Jel)od=J0.JED) |

WRITE(S.800)(XCAS(I).(PSIOC
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[PROGRAN MANEUV( INPUT ,OUTPUT , TRPES=INPUT . TAPEL0 . TAPES .
TAPES . TAPES)

[ CONMON/PRINT /NPRINT
| COMMON/TOUNITS/IP.IR. 10

5] .XTAS(1001.PSI0CT(100) . TR(7S)
1003, ITITLE(?7) .XCA6(100) ,RAD(75.76) .OFACT( 76,76

) |

NANEL18T/0/NCRG .NALT .DELCAS .DELTALT . IRTYPE.CPIRP,VTIP,UNV,
CAB1.ALT1 .CTVAL .KATNCS . OFAC . TOON .ABIGK . TORFAC .PLINIT .

ETAN, +BELFE .NPRINT . THAN . TCHAR . BUCTSN . XNEN » IPRINT »
DELHP .CTHRX . TRVO . VB AL TO .NTRNRT .CEL TRT . TRT 1

L
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CONT INUE

RERD(S.1}ITITLE

FORMAT(7A10) =

CALL TRERO(1.XD.YD.ZD.FXYZ)
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[CALL ATHOS(KATHOS .ALTO.TEMPR .PRESSR .RHO.610MA.VEND) |

' i

XORTC=( TENPR-491 .69)86./9.
CT1=0FACRTOON/(RHORADISKsVT IPun2)

N

[C RENRNNESSERENRRERESNRNEENEEREEEE |

-IF(TORFAC.EQ.0.}
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PLINI T=XNSN=TORFAC

LL TLOOK(10.XOATC.ALTC.0..TORK)

PNR=TORK= TORFAC

“ae.

, CONT. ON PO &

.......

g e e LN B I . . P [ e e
O ] PRI AL L P E IR S S U R PR OO
L WP 2N S RPUESPRT SPHRESPU S TPRE SO I WE TP PRI 1P S N A -

c-38 ecy OF 16




T >
a2 RO G

I,

,__4
S

4y

,,

LRI T B R A
el .' e O L
. e s . ]

.....
‘‘‘‘‘‘‘‘‘

-

............................

NADC-82136-60

—

R4

[cALL TLOOK(

88
10.ALTA . XGATC.0..PHR] |

- ]

v

"CONTINUE

CPIRP=(PRR=550 . )/({ RHOSROISK=VT IPuu3) |
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e
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[ ONAX=CTHAX=RHOSACIEKaVTI1PanZ/TOON |
OTOP=OMAX
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00 100 ICR6=1.NCRE

-XCRS(I 1/810MAe= .§
VU ICRS }=XTAS( ICRS)nl .889/VTIP

i .I ACT(ITRNRT.ICRE)=
o= __({PSI0OT( ITRNRT JuXTAS( ICAS 1 .028479/0)unel . Jun.b |

IF(THAN.EQ.C.)
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. ' CPIRP=(PHR1=550.)/(RHOROISKuVTIPun3)

% CONT. ON PG 6
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IF{NUCTSH .EQ.0)
CALL TLOGKC9.CT.V(ICAB) .0 ,CPREA)
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T
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- —of
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RADCITRNRT . ICRS)=1 .689057.29678uXTAS( ICAS)/PSIDCT( ITRNRT ] |
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Loy

ORTA _1T7/100/
NRITE(8.173IT.ITITLE

FORMAT(I5.T11,.7A101

NRITECB8,18)0FRC

FORNATCAHOFAC.OH  1.T11,F10.00

[MRITEC(S.19INTRNRT . (PEIDOT ( TTRNRT ) . [ TRNRT=1

FORWAT(ARALT +T8+i2o(T11.7F10.0))

v

00 200 _ITRWRT=1.NTRNRT

RITE(S.23)INCAS. (PSS( ITRNRT . ICAS) . ICAG=1 ,NCARE)

an

CONT. ON PO § .
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[FORNAT(4HPEBS.T6.12.(T11,7F10.1)) ]

8 ‘--Dz v
CONTINUE

4 v

FORMAT(=ECT=/B80(1NH )
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g CONTINUE
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| JE=0 |
{00 960 K=1.1C )
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Ixatuotmm.nma |
D0 860 1=1.NCAS
T
NRITE(B.881)(PE100TC(J) s0nd0oJE]
FORPAT(SVEL/ALT =.9F13-6)
TRRTTECS 8801 CXCABT 11 (OFACT(do1 1 o 0ud0 0B 1)
FORNAT( 100198}
; 11,11 - - = D ggn 4
| CONTINUE |
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CONT. ON PO 12




’ NADC-82136-60

- M O
Y RTINS

[C wnnmussnssnsuusssuunssssnususs |

NRITE(B,2)ITITLE
NTRNRT=NTRNRT-1
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00 910 I=1.NCRE

NRITE(8.901)(PSIOAT(J] JunJC.JE)
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FORMAT(mVEL/ALT =.9F13.5)

WRITE(8,900)(XCARS(I).(RAO(J.I).J=JC,JE))
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TR( ICAS)=0w( (OMAXs=2-1. Jux .5/( XTAGC ICASIn1.689))
n57.29578 |

ITIT=4I'III ACH
#{F m;sgnlnr.ncnsn +(XCAS(I),I=IQ.NCRS)
| NRITE(S.951 ) ITIT,NCABL.(TR(I),I=1G.NCAS)

FORMAT (A4, 1X. 12,.96128,.(T11.7F10.81)

WRITE(9.9523XCRAG(INCAS-61) . TRINCAS-6)
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